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FOREWORD 

This  document presents  the r e s u l t s  of work performed by 

Lockheed's Huntsville R e s e a r c h  & Engineering Center  while under  

subcontract  to Northrop Nortronics  (NSL P O  5-09287) fo r  Marsha l l  

Space Flight Center  (MSFC) Contract  NAS8-20082. 

conducted i n  response to  the requi rement  of Appendix A-1, Schedule 

Orde r  No. 26.  

This task w a s  

The  NASA contract  monitor  is  George Ficht l  of the Aero -  

space Environment Division, Aero  -As trod ynamic s Labora tory ,  

M a r s  hall Space Flight Center ,  Alabama.  
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SUMMARY 

The cha rac t e r i s t i c s  of FPS- l6 / J imsphere  raw radar m e a -  

su remen t s  a r e  i l lustrated and d iscussed .  E r r o r s  i n  these  m e a s u r e -  

men t s ,  resul t ing f r o m  faulty data  processing,  aerodynamic balloon 

motions and r ada r  performance,  a r e  evaluated in  t e r m s  of their  

effect upon the accuracy  of computed 25-meter  wind va lues .  

e r r o r s  result ing f r o m  aerodynamic balloon motions a r e  shown to 

be insignificant.  

to be incu r red  during preprocessing of r ada r  tapes ,  a r e  not always 

removed by NASA's present  editing method and may cause  signifi- 

cant e r r o r s  i n  computed winds. Slow radar response  to changes in  

the position of the balloon, coupled with the effect of a l ias ing when 

0.1-second r ada r  measurements  a r e  converted to 25-meter  wind 

values ,  may a l so  cause  significant e r r o r s  in  computed winds. 

Recommendations a r e  made,  directed toward preventing and 

eliminating significant types of e r r o r .  

Wind 

S t r ay  points and data  shif ts ,  which a r e  thought 

iii 
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Section 1 

INTRODUCTION 

The FPS-16 r ada r / J imsphere  prec is ion  wind measur ing  sys t em pro-  

vides detailed measu remen t s  of winds between the ea r th ' s  su r f ace  and 18 km. 

These measu remen t s  consti tute a significant improvement  over  those of 

f o r m e r  wind measur ing  sys tems (Ref. l ) ,  and have been indispensable in  the 

development of space vehicle environmental  design,  launch and flight c r i -  

t e r i a .  Recently,  s eve ra l  invest igators  have been studying the possibil i ty of 

increas ing  the capabili t ies of this measur ing  sys t em.  Their  effor ts  have been 

aimed a t  increas ing  the accuracy and ver t ica l  resolut ion of FPS-16 radar/ 

J imsphere  measu remen t s  so that s t i l l  sma l l e r  wind fea tures ,  including t u r -  

bulent fluctuations and ve r t i ca l  motions,  can be detected and analyzed. 

While the J imsphere  was  being developed, extensive r e s e a r c h  was  pe r -  

formed on response  and aerodynamic cha rac t e r i s t i c s  of var ious balloon con- 

f igurat ions.  

s tudies  w e r e  performed,  the grea tes t  potential for improvement  appea r s  to 

lie i n  the a r e a s  of radar performance and data processing r a the r  than in  senso r  

design.  

c a n  be achieved by upgrading r ada r  operat ional  techniques and modifying 

exis t ing data-proce ss ing procedures  . 

Because of the thoroughness with which these and subsequent 

Indeed, t h e r e  is much evidence to indicate that important  advances 

The objectives of this r epor t  a r e  to: 

0 Fami l i a r i ze  the r e a d e r  with the cha rac t e r i s t i c s  of FPS-16 r aw 
r a d a r  data;  

I l lus t ra te  the m o s t  common types of e r r o r  found in  these da ta ;  

Show the extent to which e r r o r s  in  the 0.1-sec raw radar m e a -  
surements  are removed by editing and their  effect on the accuracy  
of computed 25-mwinds;  and 

Suggest methods whereby the e r r o r s  might be prevented a t  the i r  
sou rce  o r  m o r e  effectively eliminated by da ta  processing.  

0 

0 

0 
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L The J imsphere  balloon is a 2 -m d iame te r ,  r ig id ,  roughened sphe re .  

An internal  supe rp res su re  of about 5 m b  is maintained by two spring-loaded 

c 

2.1 INTRODUCTION 

In Section 2 . 2  basic features  of the FPS-16 r ada r / J imsphere  s y s t e m  

are  outlined, and the data processing used by NASA to compute winds a t  25-m 

altitude increments  f r o m  r a d a r  measu remen t s  is  discussed i n  Section 2 . 3 .  

If the r e a d e r  is familiar with the measur ing  sys t em and data-processing pro-  

cedures ,  he m a y  wish to sk ip  these sect ions.  

The brief discussion of the charac te r i s t ics  of radar data as they a r e  

received by NASA/MSFC (Section 2.4) points out the nonstationarity of these 

measu remen t s  and shows some of the anomalies  that requi re  that the data 

be edited before winds a re  computed. 

quences of edited radar  measu remen t s  a r e  discussed i n  o r d e r  to i l lus t ra te :  

(1)  the f ine-scale  charac te r i s t ics  of the r a d a r  measu remen t s ;  ( 2 )  the fac t  that 

bad data a r e  not always eliminated by routine editing; and ( 3 )  how fea tures  i n  

the radar measurements  ( range,  azimuth and elevation angles)  affect computed 

0.1-sec values of x, y, z, (position coordinates i n  the east-west ,  north-south,  

and ve r t i ca l  directions,  respectively) and u ,  v ,  w (velocity values i n  the x, y, and 

z direct ions,  respect ively) .  Section 2 .6  uses  hypothetical examples which 

closely approximate situations encountered i n  the r a d a r  data  to  show the 

effect that selected e r r o r  types i n  the 0.1-sec r a d a r  measu remen t s  have on 

the accuracy  of computed 25-m wind values .  

In Section 2 .5  s eve ra l  100-sec s e -  

t 

2.2 THE WIND MEASURING SYSTEM 

2.2.1 The Sensor  

2 
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plastic p r e s s u r e  relief va lves .  

spherici ty  a t  a constant volume.  

cluding 100 g of bal las t  used to dec rease  rotation and improve  aerodynamic 

stabil i ty) is about 408g (Ref. 2).  

ments ,  each of which is approximately 3 in .  wide a t  the base and 3 in .  high, 

which s e r v e  to  control vor tex  shedding i n  the supercr i t ica l  Reynolds number 

region below 11 k m ,  thereby reducing the magnitude and spec t r a l  bandwidth 

of aerodynamically-induced balloon motions.  The J imsphere  is constructed 

of 1/2 mil aluminized m y l a r  and i s  a passive target  for  the AN/FPS- 16 r a d a r .  

This ensu res  that the balloon maintains i t s  

The average  m a s s  of a J imsphere  (in- 

The balloon has  398 conical roughness e le-  

2.2.2 The  Radar  

The AN/FPS-16 is a high-precision, C-band, monopulse tracking r a d a r ,  

which m e a s u r e s  the spher ica l  coordinates of the balloon's position (i.e ., range,  

az imuth  angle and elevation angle) a t  0.1 - see  t ime in t e rva l s ,  

of t ime,  azimuth, elevation and range ("TAER" data)  i s  recorded on magnet ic  

tape i n  binary fo rm,  with 17 bits (0.002746 deg/bit) for  angle measu remen t s  

and 20 bits (1 yd/bit) for range. 

Digital output 

2 .3  DATA ACQUISITION AND PROCESSING 

2.3.1 Tracking 

The r a d a r  locks onto the J imsphere  soon af te r  i t  is re leased - usually 

before  the balloon reaches  a n  altitude of a few-hundred m e t e r s .  The balloon is 

then automatically tracked to at l ea s t  17-km altitude unless a malfunction 

o c c u r s .  Between the sur face  and 1 7 k m ,  the J imsphere ' s  ascent  r a t e  a v e r -  

a g e s  about 4.75 m / s e c .  

of one hour .  

Thus, the duration of a typical flight is on the o r d e r  

In addition to the TAER measuremen t s ,  var ious r ada r  control sett ings,  

events,  and ope ra to r s '  observations a r e  recorded .  These  additional r eco rds  

are useful fo r  investigating accuracy,  since the accu racy  of the TAER data 

3 
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i s  affected by weather conditions, radar performance,  manual  adjustments  

made  by the opera tors  and by the charac te r i s t ics  of the balloon. 

these f ac to r s  a r e  mentioned i n  Sections 2 .4  and 2.5. 

Some of 

2.3.2 Preprocess ing  

At Pa t r ick  Ai r  F o r c e  Base,  tapes generated a t  the r ada r  s i te  a r e  con- 

ver ted to a format  suitable for  machine computation. 

tapes a r e  then sent toMarshal1 Space Flight Center  where  they a r e  subjected 

to the NASA-developed editing and wind computation procedures .  

The cor_verted TAER 

2.3.3 Editing 

Before winds can  be computed f r o m  the TAER measuremen t s ,  the da ta  

m u s t  be edited to c o r r e c t  such i r r egu la r i t i e s  as s t r a y  (values which a re  in -  

consistent with surrounding da ta )  o r  miss ing  points which m a y  be incur red  

during tracking o r  preprocessing.  

Editing consis ts  of generating l eas t - squa res ,  l i nea r  f i ts  to s e t s  of 

nine consecutive values of range, azimuth, and elevation angle .  In each 

c a s e ,  the center  point i s  then differenced with the f i t ted value.  If the res idua l  

exceeds 0 .03  deg for azimuth o r  elevation, o r  15 y d  for  range,  the center  

point is  replaced by the average  value over the in t e rva l .  

.b 

To prevent s t r a y  points f r o m  being included i n  the computation of the 

l ea s t - squa res  l ine,  the point immediately following the nine points used i n  

the curve  fi t  is  differenced with i t s  corresponding value extrapolated f r o m  

the fitted l ine .  

su remen t s ) ,  the point i s  re jected and replaced by the extrapolated va lue .  

The nine-point interval is then advanced one point, and this procedure i s  r e -  

peated until all the d a t a  have been edited. If ten consecutive lead points a r e  

If the difference exceeds 0 . 1 5  deg ( o r  100 yd f o r  range  m e a -  

.c ,P 

These numbers  represent  30  values based on a n  a s sumed  rms e r r o r  of 
0.01 deg for angular measu remen t s  and 5 yd f o r  range  m e a s u r e m e n t s .  

4 
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rejected,  the p rogram is reinit ialized and s ta r ted  again a t  the point where  

this occur red .  

* 
2.3.4 Computation of Wind 

After the data  are edited, the following operations are performed i n  the 

sequence l is ted to provide wind values a t  alt i tude increments  of 2 5 m :  

i -  
I 

. 

I '  

b 

1. Convert  the 0.1-sec range values from yards  to m e t e r s  and the 
angle m e a s u r e m e n t s  f r o m  degrees  to rad ians .  

T r a n s f o r m  the 0.1-sec TAER position points to corresponding 
0.1 - sec  x y z position coordinates.  

curva ture .  

Combine groups of forty-one 0.1-sec points to produce average  
values of x y z ,  a t  t ime t ,  for  25-m inc remen t s  of alt i tude.  (The 
f i r s t  group of 41 consecutive altitude points is selected so  that it 
is approximately centered on an integral  multiple of 2 5 m .  A 
l ea s t - squa res  l inear  f i t  to these points is then generated,  f r o m  
which the t ime,  t, corresponding to the des i red  25-m leve l  is 
computed. The corresponding 41-point s e t s  of x and y points 
are fitted by the same method. The 25-m x and y values a r e  
then obtained f r o m  their  l inear functions a t  t ime t. The ent i re  
process  is repeated fo r  each 25-m altitude for  which data are 
available .) 

Compute the th ree  components of wind velocity by taking centered 
differences of x y z  over  5 0 m .  
tion are a l so  computed. 

In a final editing, substitute interpolated values for s t r a y  o r  mis- 
sing 25-m values .  

S to re  the resul tant  wind data on magnet ic  tape and on mic ro f i lm  
for  future  use  in engineering and r e s e a r c h .  

2. 

3. Cor rec t  the 0.1-sec x y z  points for the effect of the ea r th ' s  

4.  

5. 
Scalar  wind speed and wind d i r ec -  

6 .  

7. 

2.4 GROSS FEATURES OF UNEDITED TAER DATA 

Radar  performance,  and consequently the cha rac t e r i s  t ics  of radar mea- 

su remen t s ,  va ry  according to many fac tors ,  including a tmospher ic  conditions 

8 A m o r e  thorough t reatment  of editing and wind computation procedures  is 
presented i n  Ref. 3 .  

5 
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(wind, clouds,  precipitation, e tc  .), tracking conditions ( range ,  elevation 

angle ,  ground clut ter ,  etc.) ,  r ada r  operat ion (s ignal- to-noise  ra t io ,  s e rvo -  

bandwidth sett ings,  e tc  .) and the condition of the radar (cal ibrat ion,  e tc  .). 

The s ta t i s t ica l  cha rac t e r i s t i c s  of r a d a r  data  m a y  v a r y  grea t ly  during a n  in-  

dividual f l ight .  This nonstationarity cornplIcaf ;e~ the t a s k  =f edi t ing aiid 

smoothing. The 100-sec sequences of angular m-easurements shown i n  F igs  

1 and 2 i l lus t ra te  the deg ree  to which samples  of radar data  m a y  differ .  The 

differences in cha rac t e r i s t i c s  of these two sequences a re  a lmost  en t i re ly  due 

to differences i n  r ada r  per formance .  The per formance  and accu racy  of the 

FPS-16  radar a r e  d iscussed  in  considerable  detai l  i n  R e f s .  4 through 6 .  

Ser ious  e r ro r s  are frequently produced during the preprocess ing  of 

r a d a r  tapes .  Bit-dropping, the mos t  common problem, r e su l t s  i n  s t r a y  

points which m u s t  be removed before  winds are computed.  S t r ay  points m a y  

be isolated values ,  as i n  F i g .  3 ,  o r  they m a y  appear  i n  groups o r  even pe r i -  

odically as in  F igs .  4 and 5 ,  respec t ive ly .  Other e r r o r s  include overlapping 

( i . e . ,  repeat ing)  segments  of data  ( F i g .  6 ) ,  m i s s ing  points,  and timing e r r o r s .  

Anomalies l ike those shown i n F i g s .  3 through 6 a r e  effectively removed by 

NASA's editing procedure .  Smal l e r  e r r o r s ,  however ,  are not always re-  

moved by the procedure,  as is shown in  Section 2 . 5 .  

Ir 

. 

. 

2.5 CHARACTERISTICS O F  EDITED 0.1-SEC DATA 

The following d iscuss ion  of the fine s t ruc tu re  of r a d a r  data  u s e s  six 

f igures  ( F i g s .  7 through 12) to i l lus t ra te  typical f ea tu re s  of edited FPS-16 

r ada r / J imsphere  measu remen t s .  Each  f igure cons is t s  of six s e t s ,  labeled 

(a) through (f) ,  of th ree  component plots .  

a re  presented i n  the following sequence:  

The six s e t s  of plots i n  each  f igu re  

The f i r s t  s e t  (a) depicts the var ia t ion  of e levat ion angle ,  range ,  and 

azimuth angle for  a t ime in te rva l  of 100 s e c  ( i . e . ,  1000 data  points) .  The 

second s e t  (b)  shows the res idua ls  of elevation angle ,  r ange ,  and az imuth  

angle a f te r  the trend (approximated by a l e a s t - s q u a r e s ,  seventh-degree 
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polynomial) has  been subtracted f r o m  the values shown in  (a) .  

is used h e r e  to reduce the range of pa rame te r  values to permit  examination 

of the smal l - sca le  fea tures  of the da ta .  

amplitude,  low frequency variations which somet imes  appear i n  the t ime plots 

of detrended values (as i n  the azimuth residuals  of F ig .  lob)  a r e  probably not 

real, and ref lect ,  instead, i r r egu la r i t i e s  in  the detrending p rocess .  

s e t  (c) presents  t ime plots of x, y and z computed f r o m  the r a d a r  m e a s u r e -  

men t s  shown i n  (a). 

detrending as descr ibed above. 

computed f r o m  centered differences of the res idua ls  shown in (d)  over  0 .2-sec 

in te rva ls .  As ter i sks  indicate points which exceed sca le  l imi t s .  These  plots 

a r e  provided to i l lus t ra te  the high noise level  i n  unsmoothed r a d a r  wind mea- 

su remen t s .  The sixth se t  ( f )  shows spec t r a  of 0 .1-sec wind values,  computed 

as descr ibed above except that the total wind was  used ra ther  than the de-  

trended values in  ( e ) .  

form" method.  

row bandwidth of ce r t a in  spec t ra l  peaks.  

(corresponding to z e r o  frequency) is indicated by a n  a s t e r i s k .  

fall below the lower limit of the grid are plotted a t  the lower l imi t .  

This technique 

It should be pointed out that the l a rge -  

The third 

The fourth se t  (d) shows the residuals  of x, y and z a f t e r  

The fifth se t  (e) depicts 0.1-sec velocity values 

Spec t ra  w e r e  computed using the " fas t -Four ie r  t r a n s -  

The spec t r a l  values w e r e  left  unsmoothed to revea l  the na r -  

The f i r s t  point on each s p e c t r u m  

Points which 

The 100-sec segments  of data  presented i n  F i g s .  7 through 12 are taken 

f r o m  Tes t  No.  8920, 14002, 23 December 1964 a t  Cape Kennedy, F lo r ida .  

This ascent  w a s  simultaneously tracked by two r a d a r s .  Data shown in F i g s .  

7, 9,  and 11 w e r e  recorded by one of the r a d a r s  and those in  F igs .  8, 10 and 

12 w e r e  recorded by the o ther .  These  f igures  i l lus t ra te  important proper t ies  

of edited radar measu remen t s  and their  associated e r r o r s ,  and are discussed 

i n  Sections 2.5.1 through 2 .5 .5 .  

2.5.1 Aerodynamically-Induced Balloon Motions 

Between the ear th ' s  surface and 11 - 13 k m  the rising .Jimsphere ex- 

per iences  supercr i t ica l  Reynolds numbers ,  and the resul tant  vortex shedding 

induces a periodic oscil lation in  the balloon's motion ( see  F ig .  7b). 

oscil lation essent ia l ly  consists of horizontal motions ( F i g .  7d).  The 

The 
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aerodynamic balloon motions a r e  v e r y  r egu la r ,  having a frequency of about 

0 .21 Hz, as revealed by the s h a r p  peaks i n  the u and v s p e c t r a  a t  this  f r e -  

quency (F ig .  7 f ) .  

al t i tude and disappear  a t  about 12 k m  where  Reynolds numbers  become sub-  

c r i t i ca l .  

The var ia t ion  with alt i tude is revealed by cornparing the spec t r a l  peaks i n  

F i g .  7f, corresponding to about 1 .5  k m  alt i tude,  with F ig .  8f (about 5 . 8  km) 
and F ig .  9f (about 15.5 k m ) .  

The aerodynamic motions tend to d a m p  gradual ly  with 

A slight shift toward higher f requency  with a l t i t udz  i s  a?ss observed 

2.5.2 Noise 

The t e r m  "noise" r e f e r s  to high-frequency, random osci l la t ions i n  the 

da t a .  General ly ,  noise  i n c r e a s e s  with the range  of the balloon and may be 

par t icu lar ly  intense when the balloon i s  being t racked a t  v e r y  low elevation 

angles ,  where  multipath effects and ground c lu t te r  m a y  be pronounced. The 

cha rac t e r i s t i c s  of r a d a r  noise  a r e  a l s o  dependent upon r a d a r  control  set t ings 

- par t icu lar ly  the servo-bandwidth sett ing (Ref.  7 ) .  

al low high frequency noise  while lower  set t ings tend to  smooth higher  f r e -  

quencies  and shift e r r o r  into the lower f requencies .  

f requencies  is undesirable  s ince i t  becomes m o r e  difficult to f i l t e r  out e r r o r  

without also losing r e a l  wind var ia t ions .  Hence, servo-bandwidth set t ings 

should be maintained as high a s  poss ib le .  As a n  example of varying noise  

leve ls ,  compare  the u ,  v and w plots of F i g .  7e with those of F i g .  9 e .  This  

difference is a l so  ref lected i n  the corresponding s p e c t r a  ( F i g s .  7f and 9f).  

It should be noted that even such "clean" da ta ,  as displayed i n  F i g .  7e,  a r e  

too noisy for most  meteorological appl icat ions.  

of smoothing the 0.1-sec radar da t a .  

High bandwidth set t ings 

Shifting e r r o r  into lower 

This  points out the necess i ty  

A s h a r p  peak i s  found a t  4 H z  in  s e v e r a l  of the s p e c t r a  shown i n  

F i g s .  8f,  10f,  and 12f. (These  data  w e r e  measu red  by  one r a d a r  while the 

da ta  of F i g s .  7 ,  9, and 11 (where  such spec t r a l  peaks a r e  absent )  w e r e  m e a -  

su red  by a second r a d a r . )  M i e r s  and Avara (Ref .  8) observed a peak a t  about 

4Hz in  s p e c t r a  of AN/FPS-  16 r a d a r  s lan t - range  m e a s u r e m e n t s .  F o u r - h e r t z  

h 

r 
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I *  
I 
I 

peaks w e r e  a l so  observed by Jacobs (Ref .  9) i n  the spec t r a  of angle m e a s u r e -  

men t s  of another AN/FPS-16 r a d a r .  

peaks to the antenna dr ive  mechanism of the r a d a r .  

These  invest igators  attr ibuted such 

2.5.3 S t ray  Points 

Although editing does remove extreme-valued s t r ay  points, i t  does 

not remove  all s t r a y  values .  

the surrounding data to  be detected by editing. 

tion angle res iduals  shown in F i g .  lob ,  a cluste-r of th ree  s t r a y  points appears  

a t  about 2664.5 sec ,  and isolated s t r a y  values occur a t  about 2681 sec ,  2717.5 

s e c ,  and probably 'a t  2743.5 sec. Again, these  a r e  considered l l s t ray"  values 

because  they appear  to be inconsistent with the surrounding data,  and a r e  

thought to resu l t  f r o m  bit-dropping when radar tapes a r e  preprocessed .  

F i g s .  lob,  10d, and 10e show how small s t r a y  values in  elevation angle pro-  

duce  l a r g e  e r r o r s  i n  one o r  m o r e  of the 0.1-sec wind components.  

Some s t r a y  points do not deviate enough f r o m  

F o r  example, in  the eleva- 

2.5.4 Data Shift 

A data  shift is defined as a s e r i e s  of consecutive points that a r e  d i s -  

The shift placed f r o m  the trend in  the surrounding data  by a fixed amount .  

m a y  be incur red  during radar tracking, o r  i t  m a y  resu l t  f r o m  a bit being 

dropped f r o m  each of the consecutive points as the data are preprocessed .  

The range data shown in F igs .  1 la and 1 l b  contain a shift which spans about 

70 points between 705 and 712 sec  elapsed t ime.  

mentioned above, the magnitude of the displacement of those 70 points was  

too small to cause  reject ion by the editing routine.  

effect of this  shift on  the computed xy z coordinates .  

position coordinates produce pairs of oppositely directed "stray" values when 

0.1-sec wind components a r e  computed ( F i g .  l l e ) .  

As with the s t r ay  points 

Figure l l d  shows the 

The  shifts i n  the x y  z 

The preceding discussion leads  to a n  important observation regarding 

the editing of r a d a r  data;  namely, that editing should be m o r e  effective when 

9 
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i t  is  performed on TAER measuremen t s  than on computed 0.1-sec x y z  

values .  

t ransmit ted,  i n  varying degree ,  to each of the computed x y  z components.  

While a n  anomaly (such a s  a s t r a y  point o r  shif t )  m a y  m e e t  the c r i t e r i a  fo r  

re ject ion i n  i t s  original (TAER con-ipunentjform, i t  m a y  not a f f ec t  one o r  

m o r e  of the x y z  components enough t o  meet  the i r  re ject ion c r i t e r i a .  When 

this happens, part  of the e r r o r  will be retained i n  the d a t a .  Thus,  i t  is  m o r e  

effective to edit the TAER measuremen t s  where  e r r o r s  a r e  e a s i e r  to de tec t .  

F igures  10  and 11 show how a n  anomaly i n  one TAER component is 

Undoubtedly, improved editing techniques can  be developed. F o r  ex- 

ample,  Za r t a r i an  and Thompson (Ref. 10) descr ibe  a method developed by 

the University of Dayton Resea rch  Institute where  the reject ion c r i t e r i a  v a r y  

a s  a function of the standard deviation of preceding data  segments .  This  

approach holds promise s ince i t  allows for  the nonstationarity of FPS-16 

radar measu remen t s .  Regard less  of the basic  editing method used,  

however, the selection of proper  re ject ion c r i t e r i a  is c ruc ia l .  Ideally, a n  

editing routine should rep lace  even the sma l l e s t  s t r a y  e r r o r s  and r e t a in  all 

deviations result ing f r o m  ordinary noise (the l a t t e r  a r e  best  removed by 

f i l t e r ing) .  

the accuracy  of the da t a .  

cedures  and rejection c r i t e r i a  could be tested empir ical ly  by using a number 

of dual t racks  ( cases  in  which a balloon is simultaneously t racked by two 

radars) .  The better method would produce a lower rms difference between 

the two s e t s  of computed winds.  (This method r equ i r e s  that all other  phases 

of data processing be identical  for all c a s e s . )  

.b *,* 

Reference 11 shows that re ject ion of too many points m a y  reduce 

The relat ive effectiveness of var ious editing pro-  

2 . 5 . 5  R a d a r  Response 

Radar  measurements  somet imes  revea l  a reluctance of the r a d a r  to  

adjust  to small angular displacements  of the t a r g e t .  The r a d a r  antenna 

::: 
The UDRI method, however,  edi ts  computed values  of x y z  r a t h e r  than 
TAER values .  

10 



LMSC/HREC Dl48954 

appears  to r e m a i n  in a fixed position fo r  up to seve ra l  seconds followed by a 

rapid cor rec t ion  o r  over-correct ion.  

i s  i l lustrated i n  F ig .  2 .  

revea l  this type of behavior.  Presumably ,  this lag i s  associated with the 

low bandwidth sett ings which a r e  often used when the balloon is tracked a t  

long range .  

city data (F igs .  8e and 12e).  

cause  significant e r r o r s  i n  25-m wind da ta .  

An example of a l a r g e  response lag 

The elevation angle m e a s u r e m e n t s  of F ig .  12a also 

Radar  response  lag  produces spikes  i n  0 .1-sec component velo- 

In Section 2.6.4 i t  is  shown that r ada r  lag can  

2.6 E F F E C T  OF TAER ERRORS ON COMPUTED 25-M WINDS 

To a s s e s s  the impor tance  of the types of e r r o r  descr ibed above, their  

effect  on the final 25-m wind outputs m u s t  be determined.  

that  c losely r e semble  observations a r e  used fo r  this purpose.  

Hypothetical c a s e s  

2.6.1 Aerodynamically-Induced Balloon Motions 

c The amplitude of the aerodynamic balloon oscil lation is about 2m and 

i t s  frequency is about 0.21 Hz (Figs .  7d and 7f). 

l i nea r  f i t ,  which has  essent ia l ly  the same  effect as a s imple average,  reduces  

the amplitude to about 14 percent of i t s  original value, o r  about 0 . 2 8 m .  T h e r e -  

fo re ,  the e r r o r  of any 25-m position coordinate value is E < 0 . 2 8 m .  F o r  a 
typical ascent  r a t e  (5 m/sec ) ,  horizontal velocity obtained f r o m  centered 

differences over  5 0 m ,  i . e . ,  A t  = 10 sec ,  can  have a maximum e r r o r  of only 

2~ /At = 0.056m/sec .  It is therefore  concluded that aerodynamic balloon 

motions have a negligible effect  upon the accu racy  of 25-m component velo- 

c i ty  values .  

The 41-point l ea s t - squa res  

- 

2.6.2 S t r ay  Points  

As shown i n  Section 2.5.3,  some  l e s s e r  s t r a y  points a r e  not re jected 

by the editing procedure .  

component values,  consider a hypothetical ca se  in  which y is increasing 

To show their  effect on computed 25-m wind 

11 
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.t. 

l i nea r ly  with t i m e .  

f r o m  the l i nea r  t r end ,  occurs  during the interval  of t ime considered.  

l i nea r  trend is removed, the connected 0.1-sec y values would appear  as 

in  F ig .  13a.  

Suppose a l s o  that one s t r a y  value,  that deviates by H 

If the 

If t h e  da ta  in (a) a re  smoothed with a 41-point running mean,  ( this has  

the same  effect as the l ea s t - squa res  method) the r e s u l t  will  appear  as i n  

F i g .  13b. 

that smoothed values a r e  computed fo r  each 0.1 s e c ,  r a t h e r  than every  5 s e c  

( i . e . ,  every  fiftieth point) .  

over a four-second interval,  while reducing i t s  magnitude to H/41. 

In effect ,  this process  differs f r o m  the NASA procedure only i n  

The effect of the smoothing is to spread  the e r r o r  

The solid curve i n  F ig .  13c shows the velocity t r a c e  obtained f r o m  the 

smoothed position values i n  (b) by consecutive differences over 50 m (10 s e c )  

Note that the effect of the s t r a y  point in  (a) is  spread  over  a 14-sec (70m) 

in te rva l ,  with a n  amplitude of H/410. 

axis where  the 25-m velocity values fall, the e r r o r  m a y  o r  m a y  not affect the 

computed velocity values .  The m o s t  probable effect is  that the 25-m velocity 

values will  f o r m  a pat tern similar to that indicated by the dashed l ine  i n  ( c ) .  

It can  be seen  f rom F i g .  13c that no e r r o r  will occur  when the f i r s t  25-m 

point falls between three  and four seconds elapsed t i m e .  

Depending upon the points on the t ime 

The amplitude of the perturbation which may be produced i n  the 25-m 

values is H/410. 

procedure used on TAER values,  i t  c an  be shown that H/410 m a y  r e a c h ,  o r  

even exceed, 0 . 1  m/sec .  

a t  a range of about 78 k m  produces H 

a r e  of l i t t le  consequence fo r  m o s t  applications of wind da ta .  

e v e r ,  be important f o r  applications requiring g r e a t  precis ion,  such as the 

computation of ver t ical  mot ions .  It should be noted that when two o r  m o r e  

Taking into consideration the reject ion c r i t e r i a  of the editing 

F o r  example,  a n  e r r o r  of 0 .03 deg i n  azimuth angle 

4 1 m .  Deviations of this magnitude 

They may ,  how- 

c 

. 

.L '1. 

In all of the hypothetical ca ses  presented below, the choice of the y com-  
ponent is  a r b i t r a r y ,  and the conclusions are  equally valid f o r  x and z .  
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a 

consecutive s t r a y  values  occur ,  as in  F ig .  l ob ,  velocity e r r o r s  i n c r e a s e  

a lmos t  proportionally.  

2 .6 .3  Data Shift 
I 

Data shifts can  produce significant e r r o r s  i n  computed 25-m velocity 

values .  To show this ,  consider  a hypothetical shift of 10 m, spanning a 

7-sec  t ime in te rva l  ( i .e . ,  70 points) i n  the 0.1-sec y va lues .  This  c a s e  

approximates  the observed shift i n  z i n  F ig .  l l d .  

and differencing are shown in  F ig .  14. 

spans 21 s e c  (105m)  with a n  amplitude of l m / s e c .  

values  computed by NASA's data processing routine f r o m  the TAER data 

shown in  F ig .  l l a ,  are shown in  F ig .  15. 

3.7 - 3.8- i n  F ig .  15 w e r e  caused by the shift i n  range shown i n  F ig .  1 l a .  

These  r e s u l t s  ver i fy  those predicted by the hypothetical c a s e ,  and r evea l  

how a shift m a y  induce m a j o r  e r r o r s  into the 25-m velocity components.  

The effects of smoothing 

The resu l tan t  velocity fluctuation 

The 25-m ascen t - r a t e  

The spikes  which appear  a t  about 

2.6.4 Radar  Response 

The angular  response  of the r ada r  antenna to changes i n  balloon posi- 

tion, which is a function of the servo-bandwidth sett ing and other  f ac to r s ,  

g rea t ly  influences the accu racy  of the computed (25-m) velocity components.  

As  the response  d e c r e a s e s ,  the rms e r r o r  of the computed velocit ies rapidly 

i n c r e a s e s .  To show this,  two hypothetical c a s e s  a r e  presented .  In each c a s e ,  

the balloon is e a s t  of the r a d a r  and traveling northward a t  5 m / s e c .  

f i r s t  case the or ientat ion of the  antenna a l te rna te ly  r ema ins  fixed for  a 3-sec  

t ime in t e rva l  followed by a rapid adjustment .  In  the second c a s e  the or ien ta-  

t ion r ema ins  fixed twice as long. 

y values for  the two cases might appear  as in  F i g s .  16a and 17a. 

behavior was  observed in elevation angles  i n  F igs .  8b and 12b and i n  the c o r -  

responding z position coordinates in  F igs .  8d and 12d. As i n  the preceding 

i l lus t ra t ions ,  F igs .  16 and 17  show the effects of l a g  on the smoothed posi-  

t ion data and on the computed meridional  component, v .  

In the 

Given these conditions, detrended 0 .1-sec  

S imi la r  
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The resul tant  oscil lations in  v are  solely a r e su l t  of the periodic 

movements  of the r a d a r  antenna. 

radar response  period produced a doubling of the period of radar- induced 

oscil lations i n  the computed 0.1 - sec  mer id iona l  wind component,  a fourfold 

i n c r e a s e  i n  amplitude, and a tenfold i n c r e a s e  i n  var iance .  Thus,  e r r o r  
i n c r e a s e s  i-apiriiy as the radar response  d e c r e a s e s .  

In the two c a s e s  shown, a doubling of the 

The above discussion shows the effect of smoothing and differencing 

each 0 .1-sec  position point using NASA's method. 

e v e r ,  this is only done for every  50th point (assuming a 5 m / s e c  a scen t  r a t e ) .  

Therefore ,  there  is the danger of a l ias ing high frequencies  into lower  f r e -  

quencies .  This  effect i s  evident i n  F i g s .  16c and 17c w h e r e  points, indicated 

by o ' s ,  a r e  drawn fo r  25-m (5 - sec )  in te rva ls  and connected by a dashed l ine .  

An increased  period in  the 25-m points i s  observed i n  both cases.  

f i r s t  case (F ig .  16)  the 3-sec  period of the oscil lation i n  the 0 .1-sec  v values  

becomes 15-sec (or 7 5 m )  in  the 25-m values ,  and i n  the second case ( F i g .  17 )  

the 6 - sec  period becomes 30-sec ( o r  1 5 0 m ) .  

In actual  prac t ice ,  h.ow- 

In the 

c 

c 

The conclusion i s  reached,  therefore ,  that slow r a d a r  r e sponse  can  

cause significant e r r o r s  i n  25-m computed velocity components,  and that these  

e r r o r s  m a y  be al iased into lower f requencies  that a r e  m o r e  l ikely to in t e r -  

f e r e  with those of r e a l  wind var ia t ions .  By maintaining the max imum pos- 

sible servo-bandwidth sett ing,  r a d a r  response  can  possibly be i n c r e a s e d .  

Cur ren t  investigation shows that the de t r imenta l  effects  of a l ias ing can  be 

eliminated by using improved fi l tering techniques . 

. 
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Section 3 

CONCLUSIONS 

Based on the preceding discussion, the following basic conclusions 

are  drawn: 

Even under ideal  tracking conditions, raw r a d a r  m e a s u r e m e n t s  
contain excessive noise.  If unsmoothed 0.1-sec wind values are 
computed direct ly  f r o m  the radar  m e a s u r e m e n t s  , physically- 
unreal is t ic  wind var ia t ions are observed.  Therefore ,  at l ea s t  
some  smoothing is always required.  
FPS-16 raw r a d a r  data considerably complicates the tasks  of 
editing and smoothing. 

As winds are now computed, there  is the possibility that high- 
frequency var ia t ions i n  the data m a y  be al iased into lower f r e -  
quencie s . 
The aerodynamical ly  -induced oscillation of the Jims phe r e has  
no discernible  ver t ica l  component and spans a ve ry  nar row 
spec t r a l  band centered a t  about 0.21Hz. Its effect upon the 
accu racy  of the computed 25-m wind component values is  
minimal .  

Stray points and d a t a  shifts  a r e  thought to r e su l t  f r o m  bit- 
dropping during preprocessing.  
editing procedure removes  la rge  e r r o r s  of these types,  i t  does 
not remove  all of them.  Thus, these e r r o r s  can  somet imes  
produce significant e r r o r s  in computed 25-m wind component 
va lues .  

Radar  sensit ivity,  which is a function of the servo-bandwidth 
sett ing and other f ac to r s ,  has a n  important  effect upon the accu-  
r acy  of computed wind values.  Wind e r r o r s  rapidly inc rease  as 
r a d a r  response  d e c r e a s e s .  

The nonstationarity of 

Although the NASA-developed 
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Section 4 

RECOMMENDATIONS . 
The preceding observations concerning Ihe c h a r a c t e r i s t i c s  of FPS-  16 

radar / J imsphere  measu remen t s  suggest the following approaches for  im- 

proving the accuracy,  and therefore  the usefulness,  of the J imsphere  wind- 

measur ing  s y s  t em:  

1 .  Prevention: Wherever  possible, a n  at tempt  to prevent the occur-  

rence  of e r r o r s  a t  their  source  should be made .  Thus,  radar ope ra to r s  

should be instructed to  maintain the maximum possible servo-bandwidth.  

This would help to minimize e r r o r s  that r e s u l t  f r o m  poor radar response .  

Fu r the rmore ,  all other aspec ts  of r ada r  operation and preparat ion and r e -  

l e a s e  of the balloon should be re-evaluated to de te rmine  i f  other improve-  

ments  could be made .  

Preprocess ing  of radar tapes is  another  a r e a  in  which the incidence 

of e r r o r s  might  be reduced.  

ing equipment, timing e r r o r s ,  bit-dropping and overlapping sequences of 

data  could be reduced o r  eliminated entirely by using bet ter  equipment o r  by 

improving the performance of existing equipment. 

According to  the ope ra to r s  of the p rep rocess -  

2 .  Editing: Assuming that some discontinuities m a y  s t i l l  occur  i n  any 

se t  of radar measurements ,  editing will be requi red .  The effectiveness of 

a given editing method i s  measu red  by i t s  abi l i ty  to de tec t ,  r e j ec t ,  and r e -  

place s t r a y  and missing values without affecting values whose deviations 

resul t  f rom ordinary noise .  

Section 2 . 5 . 4  points out that the effectiveness of a n  editing method can  

be evaluated empirically by applying i t  to dual r a d a r  m e a s u r e m e n t s .  

authors  suggest that all available editing methods should be compared i n  this 

The 

16 



manner  Based on the r e su l t s  of these compar isons ,  one method would be 

selected for  use  in  processing FPS- l6 / J imsphere  da ta .  

basic  method could be optimized by testing i t s  effectiveness using var ious 

point-rejection and substitution c r i t e r i a .  

Once selected,  the 

3. Smoothing: Smoothing i s  used to reduce e r r o r s  associated with 

The smoothing method now used by NASA is equivalent to s imple noise.  

averaging. 

high-frequency lobes,  the danger  of a l ias ing ex is t s  when 25-m values a r e  

computed. 

Because the t r ans fe r  function of the averaging has  appreciable 

Lo c khe ed/Hunt svil le recommends that improved technique s be employed 

t o  eliminate the possibility of aliasing. 

which has  a t r ans fe r  function almost  identical  to that of the present  method f o r  

wavelengths of 5 0 m  o r  g r e a t e r .  The f i l t e r  has no significant high-frequency 

lobes,  and aliasing is thereby prevented. 

The authors  have developed a f i l t e r  

Lockheed/Muntsville fur ther  recommends that the NASA data  p r o c e s s -  

ing deck provide a n  option for  varying the f i l t e r  function for  special  applica- 

t ions.  

f requencies  into the basic filtering routine.  

any frequency band for  study. 

This could be done by inputting any desired cutoff and terminat ion 

Investigators could then se lec t  

17 
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